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(54) CONTROL DEVICE AND MISFIRE DETERMINATION METHOD FOR INTERNAL COMBUSTION 
ENGINE 



(57) An internal combustion engine (1) generates 
power by burning an air-fuel mixture in a combustion 
chamber (3). The internal combustion engine (1) is pro- 
vided with an in-cylinder pressure sensor (15) and an 
ECU (20). The ECU 20 calculates at two predetemiined 
points control parameters each of which is a product of 
an in-cytinder pressure detected by the In-cylinder pres- 
sure sensor (15) and a value obtained by exponentiating 
an in-cylinder volume at the time of detecting the tn-cyl- 
inder pressure by a predetemiined index number, as well 
as detennines a misfire condition in the combustion 
chamber (3) baseti on the difference component in the 
control parameters between the two predetemiined 
points. 
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Description 

TECHNICAL RELD 

5 [0001 ] The present invention relates to a control device for an internal combustion engine that generates power tiy 
burning an air-fuel mixture in a cylinder, and a method for detenmining a misfire in the intemal combustion engine. 

BACKGROUND ART 

10 [0002] Conventionally, Patent Literature 1 has disclosed a firing condition-detecting device for an internal-combustion 
engine that overlaps in-cylinder pressure signals in respective combustion chambers detected by in-cyiinder pressure 
detecting means to determine a misfire condition with a misfire detemnining index number calculated based on the 
overlapped In-cylinder pressure signals. 

[0003] As stated above, when each of the in-cylinder pressures in a pluraRty of the combustion chambers is overlapped, 
15 a significant change is recognized in symmetry properly of a signal wavefonn before and after a top dead center, in 
accordance with presence or absence of a misfire. Therefore, the misfire detenmination can be made in the whole region 
of combustion in the intemal combustion engine. 

[0004] In the conventional, firing condition-detecting device, however, the misfire detemiining irxlex numt)er is basically 
calculated by integrating an in-cylinder pressure detected by the in-cylinder pressure detecting means, per unit of a 
20 minute crank angle. Consequentiy, a load on calculation in the conventional firing condition-detecting device is suk>stantial, 
so that it is not actually easy to apply the conventional device to an intemal combustion engine for a vehicle and the 
like, for example. 

[Patent Literature 1] Japanese Patent Appfication Laid-open No. 1 1 - 82150 

25 DISCLOSURE OF THE INVEISTTION 

[0005] The present Invention provides a practical control device for an intemal combustion engine and a method for 
determining a misfire in the intemal combustion engine, which are capable of accurately detemnining a misfire condition 
in a cylinder at a low load. 

90 [0008] According to a control device for an intemal combustion engine In the present invention, the control device for 
the internal-combustion engine that generates power by burning an air-fuel mixture in a cylinder comprises In-cylinder 
pressure detecting means, calculating means that calculates a control parameter based on an in-cylinder pressure 
detected by the In-cylinder pressure detecting means and an in-cylinder volume at the time of detecting the in-cyllnder 
pressure, and misfire determining means that detemnines a misfire condition in the cylinder based upon the control 

35 parameter cateulated by the cabulating means. 

[0007] It is preferable that the control parEuneter is a product of the in-cylinder pressure detected by the in-cylinder 
pressure detecting rneans and a value obtained k)y exponentiating the in-cylinder volume at the time of detecting the in- 
cylinder pressure by a predetermined index number. 

[0008] It is preferable that the calculating means cateulates the control parameters in two predetennined points, and 
40 the misfire determining means determines that an inside of the cylinder is in a half-misfire conditk>n when a difference 
component in the control parameters t>etween the two predetemnlned points is below a first threshoM value. 
[0009] It is preferable that the misfire determining means detemnines that an inside of the cylinder is in a complete- 
misfire condition when the difference component in the control parameters between the two predetemnlned points is 
bek)w the first threshold value and also betow a second threshoki value, wh toh is smaller than the first threshold value. 
45 [0010] It is preferable that one of the two predetemnlned points is set at a point after an intake valve opens and also 
before combustion starts, andtheotheris set at apointafterthe combustion starts and also before an exhaust valve opens. 
[001 1 ] According to a method for determining a misfire in an intemal combustion engine in the present invention, the 
method for detemiining the misfire in the intemal combustton engine that generates power by buming an air-fuel mixture 
in a cylinder comprises: 

so 

(a) a step of detecting an in-cylinder pressure; 

(b) a step of calculating a control parameter based on the in-cylinder pressure detected in the step (a) and an in- 
cylinder volume at the time of detecting the in-cyllnder pressure; and 

(c) a step of detemnining a misfire condition in the cylinder based on the control parameter caknjiated in the step (b). 

55 

[0012] It is preferable that the control parameter is a product of the in-cylinder pressure detected in the step (a) and 
a value obtained by exponentiating the in-cylinder volume at tiie time of detecting the in-cyiinder pressure by a prede- 
tenmined index number. 
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[0013] It is preferable that in the step (b), the control parameters are calculated in two predetermined points, and In 
the step (c), it is determined that an inside of the cylinder is in a half-misfire condition when a difference component In 
the control parameters between the two predetemnined points Is below a first threshold value. 
[001 4] It is preferable that in the step (c), it is determined that the inside of the cylinder is in a completeHnisfire condition 
5 when the difference component In the control parameters k>etween the two predetermined points Is below the first 
threshold value and also below a second threshold value, which is smaller than the first threshold value. 
[001 5] It is preferable that one of the two predetemiined points is set at a point after an intake valve opens and also 
t)efore combustion starts, and the other is set at a point after the connbustion starts and also before an exhaust valve opens. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Rg. 1 is a graph showing conrelation between a control parameter PV^ used in the present invention and heat 
IS production in a combustion chamber. 

Fig. 2 is a schematic construction view showing an intemal combustion engine in the present invention. 
Fig. 3 is a flow chart for explaining an operation in the intemal combustion engine in the Rg. 2. 

BEST MODE FOR CARRYING OUT THE INVEtmON 

20 

[0017] The present Inventors are dedicated to studying in order to enable highly accurate control for an intemal 
combustion engine with a load on calculation being reduced. As a result, the present inventors have come to focus 
attention on a control parameter calculated based on an In-cyfinder pressure detected by In-cylinder pressure detecting 
means and an in-cylinder volume at the time of detecting the in<7linder pressure. In more detail, the present inventors, 

25 in a case where an in-cylinder pressure detected by in-cylinder pressure detecting means when a crank angle is 6 dgrees 
IS defined as P(e), an in-cylinder volume V(e) when a crank angle is 0 degrees, and a specific heat ratio is defined as 
K, have focused on a control parameter obtained as a product of the in-cylinder pressure P(e) and a value (6) otytained 
by exponentiating the in-cylinder volume V(e) with the spec'ifk^ heat ratio (predetermined index number) k (hereinafter 
referred to as 'PV^ as needed). Moreover, the present inventors have found out that there is conrelation between a 

30 change pattem for heat production Q in the cylinder in the intemal combustion engine relative to the crank angle and a 
change pattem for the control parameter PV^ relative to the crank angle, as shown in Rg. 1 . However, -360**, O"" and 
360° correspond to a top dead center, and -1 80*" and 180** con-espond to a bottom dead center in Fig. 1 . 
[0018] In Rg. 1 , in a certain model cylinder a solid line shows a plot of a control parameter PV that is a product of an 
in-(^inder pressure detected for each predetemnined minute crank angle and a value obtained k>y exponentiating an In- 

35 cylinder volume at the time of detecting the in-cylinder pressure by a spedfte heat ratio k . Besktes, In Rg. 1 , a dashed 
line shows a plot of heat production Q in the model cylinder cabulated as 'Q = J d Q" based on the following formula 
(1 ). In addition, "k = 1 .32" is defined in any case for easiness. 

40 [Formula 1] 

dQ [dP D 1 1 

_^aJ 'V^K'P I ... (1) 

de \de de ] k-i ^ ' 

45 

[0019] As shown in a result in Rg. 1 , the change pattem for the heat production Q relative to the crank angle and the 
change pattem for tiie control parameter PV* relative to the crank angle are nearly similar Odentical). Especially, the 
change pattem for the heat production Q and the change pattem for the control parameter PV^ are extremely similar 
before or after combustion of an air-fuel mixture in a cylinder starts (at the time of spark ignition in a gasoline engine, 
so and at the time of compression ignition in a diesel engine) (for instance, the range between approximately -1 80** and 
approximately 135** in Rg. 1). 

[0020] On the other hand, when a misfire occurs in a certain cylinder, heat production / d Q (a value in which d Q is 
integrated from 6<| to 62, for instance, [however, 0>| < 62], hereinafter referred to as the same) from a certain timing before 
the combustion starts (ttie spark ignition or the compression ignition) to a certain timing after the combustion starts, is 
ss made smaller in the certain cylinder, as compared to a cylinder in which a misfire does not occur. In addition, the heat 
production 1 dQ also changes in accordance with the level of the misfire in a cylinder. Therefore, when such relationship 
between the heat production Q and the misfire condition in the cylinder, and correlation between the heat production Q 
in the cylinder and the control param^er PM^ found out by the present inventors are utifized, it is possible to accurately 
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determine the misfire condition in the cylinder at a low load, based on the control parameter PV< calculated based on 
the in-cylinder pressure detected by the in-cylinder pressure detecting means and the in-cylinder volume at the time of 
detecting the in-cylinder pressure. 

pN)21] In this way, in a control device for an intemal combustion engine in the present inventionp based upon the 

5 aboveHiientioned novel findings, a misfire condition In a cylinder is detemnined based on a control paranneter calculated 
t>ased upon an in-cylinder pressure detected by in-cylinder pressure detecting means for detecting the in-cylinder pres- 
sure and an in-cylinder volume at the time of detecting the in-cylinder pressure, i.e. a control parameter (PV^ that is a 
product of an In-cylinder pressure detected by the In-cylinder pressure detecting means and a value obtained by expo- 
nentiating an In-cylinder volume at the time of detecting the In-cylinder pressure by a predetemnined index nunr^er . 

10 [0022] Moreover, it is preferable to detemdine that an inside of the cylinder is in a half-misfire condition in the case 
where the control parameter is calculated in two predetemnined points, and a difference component in the control pa- 
rameters between the two predetemiined points is below a first threshold value. Further, it is preferable to determine 
that the Inside of the cylinder is in a complete-misfire condition in the case where a difference component In the control 
parameters between the two predetermined points is below a first threshold value and below a second threshold value, 

15 which is smaller than the first threshold value. 

[0023] As stated above, the control parameter PV« that the present inventors have focused attention on reflects heat 
production Q in a cy Rnder in the intemal combustion engine. Moreover, the difference component in the control parameters 
PV^ between two predetermined points (for instance, two points before or after combustion starts in the cylinder) indicates 
heat production / d Q In the cylinder between the two points, and also can be calculated at an extremely low load. 

20 Furthemnore, the heat production / d Q in the cylinder between the two points changes in accordance with the level of 
a misfire in the cylinder. For instance, the heat production / d Q is to t>e within a predetemnined range in the case where 
the inside of the cylinder is in a half-misfire condition. Therefore, when the difference component in the control paranneters 
PV^ between two predetermined points, and the first threshold value and the second threshold value are compared, a 
misfire condition in the cylinder can be accurately determined with a load on calculation being substantially reduced. In 

2S tills case, it Is preferable that one of the two predetermined points is set at a point after an intake valve opens and also 
before combustion starts, and the other is set at a point afterthe combustion starts and also before an exhaust valve opens. 
[0024] Hereinafter, the t>est mode for canrying out the present invention will be specifically described with reference 
to the drawings. 

[0025] Fig. 2 is a schematic construction view showing an intemal combustion engine in the present invention. An 
90 intemal combustion engine 1 as shown in Rg. 2 generates power by burning an air-fuel mixture in a combustion chamber 
3 fomied in a cylinder block 2 and reciprocating a piston 4 in the combustion chambers. The intemal combustion engine 
1 is preferably formed as a multi-cylinder engine. The intemal combustk)n engine 1 in the embodiment is formed as a 
four-cylinder engine, for Instance. 

[0026] An intake port in each combustion channber 3 is respectively connected to an intake pipe 5 (an intake manifold), 
3S and an exhaust port in each conrtbustion chamber 3 Is respectively connected to an exhaust pipe 6 (an exhaust manifold). 
In addition, an intake valve Vi and an exhaust valve Ve are arranged in a cylinder head in the intemal combustion engine 
1 for each combustion chamber 3. Each of the intake valves Vi opens and closes a con^esponding intake port, and each 
of the exhaust valves Ve opens and doses a corresponding exhaust port Each of the intake valves VI and each of the 
exhaust valves Ve, for Instance, are operated by a valve operated mechanism (not shown) including a variable valve 
^ timing function. Further, the intemal combustion engine 1 1ncludes spark plugs 7 in number corresponding to the number 
of cylinders, and the spark plugs 7 are arranged in the cylinder head In such a way as to be exposed to the corresponding 
combustion chambers 3. 

[0O27] The intake pipe 5 is connected to a surge tank 8 as shown in the Rg. 2. A charge line L1 is connected to the 
surge tank 8, and the charge line LI is connected to an air inlet (not shown) through an air cleaner 9. Besides, a throttle 
^ valve 1 0 (an electronk»lly controlled throttie valve in the embodiment) is installed in a mid-course of the charge line L1 
(between the surge tank 8 and the air cleaner 9). On the other hand, a pre-catalytic devk^e 11a including a three-way 
catalyst and a post-catalytic devk:e lib including a NOx occluded reduction-catalyst are connected to the exhaust pipe 
6 as shown in Rg. 2. 

[0028] Moreover, the intemal combustion engine 1 includes a plurality of injectors 12, and each of the injectors 12 is 
so arranged in the cylinder head in such a way as to be exposed to the inside of each corresponding combustion chamber 
3 as shown in Rg. 2. In addition, each of the pistons 4 in the intemal connbustion engine 1 is foimed in a so-called bowl- 
top-face type, and includes a concave portion 4a thereon. Further, fuel such as gasoline is directly injected from each 
of the injectors 12 toward the concave portion 4a of the piston 4 in each combustion chamber 3 in a state where air is 
still aspired in each combustion chamber 3 in the intemal comkxjstion engine 1 . Herewith, since a layer of an air-fuel 
ss mixture is formed (stratified) adjacent to the spark plug 7 in a state of being separated from the sunx)unding air layer in 
the intemal combustion engine 1, a stable stratified combustion can be perfomied under an extrennety lean mixture. In 
addition, rt should be noted that atthough the intemal combustion engine 1 in the embodiment is described as a so-called 
direct injection engine, it is obvious that the present invention is not rnmited to the direct injection engine but also may 
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be applied to an Internal combustion engine of an intake pipe (an intalce port) injection type. 

[0029] Each of the spark plugs 7, the throttle valve 10, each of the injectors 12, the valve operated mechanism and 
the like as descn'bed above are electrically connected to an ECU 20 that functions as the control device for the Intemal 
combustion engine 1 . The ECU 20 includes a CPU, a ROM, a RAM, an input/output port, a storage unit and the like (not 

5 shown). Various types of sensors such as a crank angle sensor 1 4 for the intemal combustion engine 1 are electrteally 
connected to the ECU 20 as shown in Rg. 2. The ECU 20 controls the spark plug 7, the throttle valve 10, the injector 
1 2, the valve operated mechanism and the Hke based on use of various types of maps stored in the storage unit, as well 
as detected values of the various types of the sensors or the like for a desired power output 
[0030] Further, the Intemal combustion engine 1 Includes in-cylinder pressure sensors 15 (in-cylinder pressure de- 

10 tecting means), each having a semiconductor device, a piezoelectric element or an optk»l fiber-detecting component 
and the like, in number corresponding to the number of cylinders. Each of the in-cylinder pressure sensors 15 is arranged 
in the cylinder head such that a pressure receiving face thereof is exposed to the inside of the corresponding combustion 
chambers, and electrically connected to the ECU 20. Eachin<ylinderpressuresensor15deteclsanin-cynnderpressure 
in the corresponding combustion chamber 3, and sends a signal indcating the detected value to the ECU 20. 

IS [0031 ] Next, a procedure in the processing for determining a misfire in the intemal combustion engine 1 will be explained 
with reference to Rg. 3. 

[0032] After the intemal combustion en^ne 1 starts up, when the engine 1 is shifted from an idling. condition to an 
idling-off condition, the ECU 20, as shown in Rg. 3, d^nes a target torque for the intemal combustion engine 1 based 
on a signal or the like from an accelerator positioning sensor (not shown), as well as s&s an intake air quantity (opening 
20 of the throttle valve 1 0) corresponding to the target torque by using a map prepared in advance or the nke and a fuel 
injection quantity (fuel injection time) from each of the injectors 12 (step S10). Moreover, in a step S12, the ECU 20 sets 
the opening of the throttie valve 1 0 so as to be the opening obtained in the step S1 0 and also forces each injector 1 2 to 
inject fuel, for example, in a fuel quantity defined during an intake stroke in the step SI 0. 

[0033] Further, the ECU 20 monitors a crank angle for the intemal combustion engine 1 based on a signal from the 
25 crank angle sensor 14. In addition, the ECU 20 obtains an In-cylinder pressure P (0^) for each combustion chamber 3 
at a point when a crank angle becomes 0^ degrees, based on a signal from the in-cylinder pressure sensor 15, after 
each of the intake valves Vi opens and also when a first timing (a timing when the crank angle becomes Oi degrees) set 
before ignition by each of the spark plugs 7 comes (step SI 4). Furtiiemnore, the ECU 20 calculates a control parameter 
P (6^) • V* (0^) for each combustion chamk)er 3, whk^h is a product of the obtained in-cylinder pressure P (0^) and a 
30 value obtained by exponentiating an in-cylinder volume V (6^) at a point when the in-cylinder pressure P (0^) is detected, 
in other words, when the crank angle becomes degrees by a specific heat ratioic (k =1 .32 in the embodiment), and 
stores the parameter in a predetemiined storage area in the RAM (step SI 6). 

[0034] It is preferable that the first timing is set as a point after a suffbient period of time prior to a point when combustion 
starts in each of the combustion chambers 3 (ignition time). The first timing is, for instance, defined as a timing (Oi = 
35 -60°, in other words, 60° before a top dead center) when the crank angle indteated In the signal from the crank angle 
sensor 14 becomes -60°, in the embodiment In addition, a value of V^O^) (a value of (-60°) in the embodiment) is 
stored in the storage unit after calculated in advance. 

[0035] After the processing in the step SI 6 is completed, the ECU 20 obtains an in-cylinder pressure P (62) at the 
time when the crank angle becomes 6^ degrees based on the signal from the in-cylinder pressure sensor 15 for each 

40 combustion chamber 3, after each sparic plug 7 is ignited and also when a second timing (a timing when the crank angle 
becomes 63 degrees) set t>efore each exhaust valve Ve opens comes (step SI 8). Besides, the ECU 20 calculates a 
control parameter P (62)* (O2) for each combustion chamber 3, which is a product of the obtained in-cylinder pressure 
P (G^) and a value obtained by exponentiating an In-cylinder volume V (6^) at a point when the in-cylinder pressure P 
(62) is detected, in other words, when the crank angle becomes G^ degrees by a specific heat ratioK (k =1.32 in the 

45 emt)odiment), and stores the control parameter in a predetermined storage area in the RAM (step S20). It is preferable 
that the second timing is set as a point when combustion of the mixture in the combustton chamt>er3 is nearty completed. 
The second timing is, for instance, defined as a timing (82 = 30°, in other words, 90° before a top dead center) when the 
crank angle indicated in the signal from the crank angle sensor 14 becomes 90°. in the embodiment. In addition, a value 
of V< (62) (a value of V* (90°) in the embodiment) is stored in the storage unit after catoulated in advance. 

50 [0036] When the control parameters P (6^) • (0^) and P (G^ • (Gg) are obtained as stated above, the ECU 20 
calculates a difference component of the control parameters PV*^ between the first timing and the second timing for each 
combustion chamber 3 as the following: 



A PV'' = P (62) • 02) - P (Gi) • Oi) 
and stores the difference component in the predetemiined storage area in the RAM (step 822). The difference component 



5 



EP 1 653 071 A1 



A PV shows heat production J d Q generated In each connbustion chamber 3 for a period of time between the second 
timing and the first timing (between the two predetermined points) as stated above, i.e. an amount of heat generated in 
the connbustion chamtoer 3 during the period of time from the first timing to the second timing. As described above, the 
difference component A PV>^ of the control parameters PV^ that appropriately reflects the heat production between the 
5 firsttimingandthesecondtimingtssimplyandpromptiycalculatedforeachcombustionchamber3throughthe 

from the step SI 4 to the step S22. l-lerewith, a load on calculation in the ECU 20 can be substantially reduced, as 
compared to a case where a misfire condition in each combustion chamber 3 is determined by integrating an in-cytinder 
pressure per unit of a minute crsnk angle. 

(0037] At this point, the difference conponent A PV' showing heat production / d Q in any of the combustion chambers 
10 3 between the second timing and the first timing (between the two predetemnined points) changes in accordance with 
the level of a misfire in the combustion chamber 3. For instance, the difference component APV« becomes below a 
predetennined value in a case where the combustion chamber 3 is in a half-misfire condition. Moreover, the difference 
component APV« becomes below a predetermined value (zero, thisoretically) in a case where the connbustion chamber 
3 is in a complete-misfire condhion. Therefore, when the difference component APV* is obtained in the step S22, the 
15 ECU 20 detemilnes whether or not the difference component APV* is below a first threshold value a defined In advance, 
for each combustion chamber 3 (step S24). When it is detemnined that in step S24, the difference component APV« in 
all of the combustion chambers 3 is not below the first threshold value a, tiie ECU 20 assumes that a misfire does not 
occur In any of the combustion chambers 3, and the process returns to the step SI 0 and a series of the processing is 
repeated subsequently. 

20 [0038] On the other hand, when it is determined in step S24 that the difference component APV* in at least any of the 
combustion chambers 3 is below the first threshold value a, the ECU 20 assumes that the inside of the combustion 
chamber is in a half-misfire condition and increments a counter (not shown) conresponding to the combustioh chamber 
by one (step S26). Besides, the ECU 20 determines whether or not a counter value in the counter is beyond a threshold 
value defined in advance (step S28). When it is determined in step S28 that the counter value in the counter is not 

2S beyond a threshold value defined in advance, the ECU 20 corrects, by using a certain map or the like, at least one of 
an opening of the throttie valve 1 0, a quantity of fuel injection from the injector 12, an opened/dosed timing for an intake 
valve Vi and / or an exhaust valve Ve, or also an exhaust gas red rculating rate for an intemal connbustion engine equipped 
with an exhaust gas recirculating system, in accordance with the difference component APV obtained in the step S22 
(step S30). 

30 [0039] In other words, even if the difference component APV< of the control parameters PV^ between the first timing 
and second timing is below the first threshold value a in the intemal combustion engine 1, when the frequency of the 
event that the difference component APV^ is below the first threshold value a is low, the misfire that has occurred in the 
comtnjstion chamber 3 is assumed as temporal. In addition, in such a case, the opening of the throttle valve, the quantity 
of fuel injection, the opened/dosed timing for the valve and the like are corrected as needed (step S30). Herewith, 

35 occurrence of a sut)sequent misfire in the combustion chamt)er 3 is to be restrained. 

[0040] Moreover, when it is determined in the step S2B that a count value in the counter is beyond a predetermined 
threshold value, i.e. the frequency of the event that the misfire in the combustion chamber 3 has occuned is beyond a 
predetermined threshold value, the ECU 20 resets the counter (step S32) and also determines whether or not the 
difference component APV^ obtained in the step S22 is below a second threshold value p (P < a, in tills regard) (step 

40 S34). Further, when it is detenmined in the step S34 that the difference component APV^^ is below the second threshold 
P, tiie ECU 20 assumes tiiat the inside of the combustion chamber 3 is in a complete-misfire condition due to an ignition 
failure of the sparic plug 7 or the like, and shows a predetermined warning display (step S36). 
[0041 ] When it is determined in step S34 that the difference component APV* Is not below the second threshold value 
P, the ECU 20 corrects, kiy using a certain map or the Rke, at least one of an opening of the throttle vah^e 1 0, a quantity 

45 of fuel injection from the injector 1 2, an opened/dosed timing for an intake valve VI and / or an exhaust valve Ve, or also 
an exhaust gas recirculating rate for an intemal combustion engine equipped with an exhaust gas redrculating system, 
in accordance with the difference component APV^ obtained in the step S22 (step S30). That is, even if the frequency 
of occurrence of the misfire is beyond the above threshold value, when the difference component APV^ is not below the 
second threshold value p, the opening of the throttie valve, the quantity of fuel injection, the opened/dosed timing for 

so tiie valve and the like are corrected as needed (step S30). Herewith, occunrence of a subsequent misfire in the combustion 
chamber 3 is to be restrained. In addition, after the processing of the step S30 or the step 836, the ECU 20 retums to 
the step S10 and repeats a series of sut>sequent processing. 

[0042] In this way, in an intemal combustion engine 1 , a misfire condition in the combustion chamber 3 is accurately 
determined at a low load based on a control parameter cabuteted based upon an in-cylinder pressure P(0) detected by 
55 an in-cylinder pressure sensor 1 S and an in-cylinder volume V (0) at the time of detecting the in-cylinder pressure P(0), 
i.e. a control parameter (PV^ that is a product of an in-cylinder pressure P(6) detected by the in-cylinder pressure sensor 
1 5 and a value obtained by exponentiating an in-cylinder volume V (6) at the time of detecting the in-cylinder pressure 
P(6) by a predetemnined index number i^. In addition, in the intemal combustion engine 1 , when it is determined that the 
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Inside of the combustion chamber 3 Is In a misfire condition (half-misftre condition), at least any of an opening of the 
throttie valve, a quantity of fuel injection, a valve opened/closed timing, an exhaust gas recirculating rate and the like is 
corrected for elimination of the misfire. Herewith, according to the internal-combustion engine 1 , a desired power output 
thereof can be constantiy produced while property maintaining a rotational speed. 
5 [0043] Jn addition, it should be noted that although the Internal combustion engine 1 is described as a gasoline engine, 
ft is apparent that the present invention is not limited to the gasoline engine but also may be applied to a diesel en^ne. 
Especially, the present Invention is effective for detemiining a misfire in a rich mixture when a diesel engine operates 
in the rich mixture, or for detemiining a misfire when a soK»lled rich limit operation is perfomned in various types of 
intemal combustion engines. 

10 

Industrial Appllcablfity 

[0044] The present invention is useful for realizing a practical control device for an intemal combustion engine and a 
method for detemiining a misfire in an intemal combustion engine, which are capable of accurately detemiining a misfire 
IS condition in a cylinder at a low load. 



Claims 

^ 1 . A control device for an intemal combustion engine that generates power by buming an air-fuel mixture in a cylinder, 
comprising: 

in-cylinder pressure detecting means; 

calculating means that calculates a control parameter based on an in-cyfinder pressure detected by the in- 
25 cylinder pressure detecting means and an in-cylind^r volume atthetime of detecting the in^inderpressure; and 

misfire detemiining means that detemnines a misfire condition in the cylinder based upon the control parameter 
calculated the calculating means. 

2. The control device for the intemal combustion engine according to daim 1 , wherein: 

30 

the control parameter is a product of the In-cylinder pressure detected by the in-cylinder pressure detecting 
means and a value obtained ty exponentiating the in-cyllnder volume at the time of detecting the in-cyllnder 
pressure by a predetennined index number. 

35 3. The control device for the intemal combustion engine according to daim 2, wherein: 

the calculating means calculates the control parameters In two predetermined points; and 
the misfire determining means detemnines that an inside of the cylinder is In a half-misfire condition when a 
difference component in the control parameters between the two predetemiined points is below a first threshold 
^ value. 

4. The control device for the intemal combustion engine according to claim 3, wher^n: 

the misfire detemiining means detemilnes that the Inside of the cylinder is in a complete-misfire condition when 
45 the difference component in the control parameters between the two predetemnined points is below the first 

threshold value and also below a second threshold value, which is smaller than the first threshold value. 

5. The control device for the intemal combustion engine according to daim 3, wherein: 

so one of the two predetermined points is set at a point after an intal<e valve opens and also before combustion 

starts, and the other is set at a pdnt after the combustion starts and also before an exhaust valve opens. 

6. A method for detemiining a misfire In an Intemal combustion engine that generates power by buming an air-fuel 

mi3cture in a cylinder, comprising: 

55 

(a) a step of detecting an in-cylinder pressure; 

(b) a step of calculating a control parameter based on ttie in-cylinder pressure detected in the step (a) and an 
in-cylinder vdume at the time of detecting the in-cylinder pressure; and 
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(c) a step of determining a misfire condition in the cylinder based on the control paranneter calculated In the 

step(b). 

7. The method for detemfiining a misfire in the internal combustion engine according to claim 6, wherein: 

the control parameter is a product of the in-cylinder pressure detected in the step (a) and a value obtained by 
exponentiating the in-cyllnder volume at the time of detecting the in-cyf inder pressure by a predetermined Index 
numt)er. 

8. The method for determining a misfire in the internal combustion engine according to claim 7, wherein: 

in the step (b), the control parameters are calculated in two predetermined points; and 

in the step (c), it is detemiined that an Inside of the cylinder is in a half-misfire condition when a difference 

component in the control parameters between the two predetermined points is below a first threshold value. 

9. The method for determining a misfire in the Internal combustion engine according to claim 8, wherein: 

in the step (c), it is determined that the inside of the cylinder is in a complete-misfire condition when the difference 
component In the control parameters between the two predetermined points is below the first threshold value 
and also below a second threshold value, which is smaller than the first threshold value. 

10. The method for determining a misfire in the internal combustion engine according to claim 8, wherein: 

one of the two predetemnined points is set at a point after an intake valve opens and also before combustion 
starts, and the other is set at a point after the combustion starts and also before an exhaust valve opens. 
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